Abstract
Introduction

37
Fossil fuel CO 2 (CO 2ff ) is the fundamental contributor to the increase in atmospheric 38 CO 2 , hence its precise quantification is crucial to better understand the global carbon budget.
39
One of the major uncertainties in the projections of climate change is the uncertainty in the However, this depletion can also partially be offset by CO 2 release from the biosphere which 81 has enriched 14 C/ 12 C ratios due to nuclear bomb tests in the 1960's. 14 C produced by these 82 tests was absorbed by the land biosphere and is now gradually being released back to the 83 atmosphere (Naegler and Levin, 2009 ). Another contribution could be direct 14 C emissions 84 from nuclear industries (Levin et al., 2010) . This technique also enables separation between 85 biospheric and fossil-fuel CO 2 components in atmospheric CO 2 observations, and thus better 86 constrains the biospheric CO 2 fluxes when coupled with inversion models (Basu et al., 2016) .
87
The uncertainty in CO 2ff estimated by the radiocarbon method is mainly determined by the reference gases with high and low mixing ratios traceable to international standards (WMO-
137
X2007 for CO 2 and WMO-X2004 for CO and CH 4 ), as well as target gas and more frequent 138 working gas determinations to ensure the quality of the measurement system. From two years 139 of data a long-term reproducibility of 2.79 ppb, 0.05 ppm, and 0.29 ppb for CO, CO 2 and 140 CH 4 , respectively was determined for this system (Berhanu et al., 2016 
169
At the end of 2014 we noticed that there was a leakage from the sampling line exhaust 170 pumps, which resulted in unrealistically high CO 2 mixing ratios (usually more than 500 ppm).
171
Therefore, we replaced all the exhaust pumps and to further ensure that the leakage problem Each of these components has a specific Δ 14 C value (i.e. the deviation in per mil of the However, the CO 2ff determined using Eq. (4) incorporates a small bias due to the non- 
where CO 2other and Δ 14 C other represent the additional CO 2 and radiocarbon contributions from 257 other sources such as NPPS and biospheric fluxes, respectively.
258
The contributions from heterotrophic respiration will lead to an underestimation of NPPs and the closest plant is located about 30 km to the northwest of Beromünster (Fig. 1 ).
279
Furthermore, air masses arriving at Beromünster are frequently advected from France, which 280 is the largest producer of nuclear power in Europe.
281
To estimate the influence of Swiss and other European NPPs on Δ 14 C at Beromünster, layer was selected here as it corresponds best to the effective release height.
296
The release of 14 were in the range of -0.7 ‰ to -29.9 ‰ with a mean value of -9.9 ‰.
366 Figure 2c shows the corresponding CO 2ff determined after correcting for radiocarbon Beromünster were 24.6 °C and 26 °C at the highest inlet of 212.5 m (Fig. 2e) . Based on 
400
( Fig. 2a) and CO 2bio (Fig. 2d) likely resulted from such extremes. Europe where poorly controlled combustion of biofuels and coal likely results in high ratios. 
R CO values from radiocarbon measurements
509
Biospheric CO 2 shows a seasonally dependent diurnal variation as shown in Fig. 6 . shown from times matching the radiocarbon sampling at Beromünster tower. 
